Abstract. A modified imprint method, Press-Imprint-Smear, was compared with histopathology for the diagnosis of cutaneous leishmaniasis. Amastigotes were seen in 69 (92%) of 75 individuals in one or both assays. The Press-Imprint-Smear was positive in 85.3%, and histopathology was positive in 44%. Press-Imprint-Smear is a rapid and relatively sensitive method for the diagnosis of cutaneous leishmaniasis.
INTRODUCTION
Leishmaniasis has been reported from 98 countries. 1 Brazil is highly endemic for both cutaneous and visceral leishmaniasis, which pose important public health problems. 2, 3 Brazil is among 10 countries that account for 75% of cutaneous disease worldwide. An average of 26,000 cases are reported annually, but it is estimated that more than 72,000 cases occur each year. 1 Autochthonous cases have been reported from all Brazilian states. 4 Most cases of cutaneous leishmaniasis occur in areas without good health infrastructure where diagnostic laboratory facilities are limited. The diagnostic method of choice for cutaneous leishmaniasis historically has been microscopic demonstration of the parasite. Isolation of Leishmania in culture and detection of parasite DNA by molecular diagnostic methods are limited to reference or research laboratories. A rapid, sensitive, and inexpensive test for the diagnosis of cutaneous leishmaniasis is needed for use in rural, resourcelimited, endemic settings.
The diagnosis of cutaneous leishmaniasis often takes days, even in clinics or hospitals with good laboratories. The time between collection of specimens and results of tests is much longer in rural endemic areas, where facilities are frequently not available. As a result, the diagnosis and treatment are often based on clinical and epidemiological grounds. A sensitive, simple, and inexpensive test is needed. We report such a test, a modified imprint test called Press-Imprint-Smear.
STUDY
Patients with a clinical diagnosis of cutaneous leishmaniasis seen at Sã o José Hospital for Infectious Diseases in Fortaleza, Ceará , Brazil, from September of 2011 to August 2013 who agreed to skin biopsy were included in the study. Lesions were cleaned with chlorhexidine and anesthetized with 2% xylocaine. Two biopsy samples were taken from the borders of ulcers (lesions) using a 3-mm disposable punch (Figure 1 and Supplemental Videos 1 and 2). 5 The samples were taken less than 3 mm from the borders of the ulcers (lesions). One biopsy specimen was fixed in 10% formalin and processed for histopathology. Another specimen was used for Press-ImprintSmear. For the imprint, the biopsy sample was put on a glass slide, and another glass slide was used to cover the tissue fragment in a sandwich way. On a firm surface, the tissue fragment between both glass slides was squeezed (squashed). 6, 7 Pressure on the middle of the slides was made, and therefore, the juice and tissue cells were spread on both slides' surfaces that were in contact with the sample (Figure 2A and B). To avoid smears being too thick, slight movements were made (Supplemental Videos 1 and 2). Both smears were air dried, fixed in methanol, stained with Giemsa, and examined microscopically using a 100 + oil immersion lens. A Press-ImprintSmear or histopathology slide was reported to be positive when amastigotes were seen ( Figure 2C and D), and a negative Press-Imprint-Smear result was reported when all fields of both slides were analyzed and no amastigotes were found. All Press-Imprint-Smear slides were analyzed by one examiner, and all histopathology slides were examined by one pathologist. The examiners were not part of the research team, and the examiners who analyzed the smear slides did not analyze the histopathology slides and vice versa.
The Research Ethics Committee at Hospital Sã o José for Infectious Diseases approved the study, and all patients gave informed consent for the skin biopsy.
In total, 75 patients were studied. In 69 (92%) patients, the diagnosis of cutaneous leishmaniasis was confirmed by the identification of amastigotes by one or both methods. In 64 (85.3%) patients, amastigotes were detected by PressImprint-Smear. In 33 (44%) patients, amastigotes were detected by histopathology, and in 28 (37.3%) patients, amastigotes were detected by both methods. In 36 (48%) patients, parasites were seen only by Press-Imprint-Smear, and in 5 (6.7%) patients, parasites were seen only by histopathology (Table 1) .
DISCUSSION
The results show a much higher sensitivity of Press-ImprintSmear than histopathology (85.3% versus 44%, P 0.001). One explanation for the higher sensitivity of Press-ImprintSmear over histopathology is that, when the tissue is squashed between the glass slides, the result is a monolayer of flatten cells, and if amastigotes are present in the sample, they will be seen in the smear. In a histopathological section, as a rule, there is more than one layer of cells, and other tissue elements are also present, making amastigotes more difficult to be identified. However, in histopathological preparation, cells are not flattened, but they are in a tridimensional position, *Address correspondence to Anastá cio Q. Sousa, Rua Professor Costa Mendes, 1608, 4 Andar, Rodolfo Teó filo CEP 60430-140, Fortaleza, Ceará , Brazil. E-mail: aqsousa@gmail.com making it possible for an infected cell to be cut in a nonparasitized area and allowing a false-negative report.
The results showed samples from five patients where amastigotes were seen by histopathology and not PressImprint-Smear. Reasons for this discrepancy might be related to sample representation, quality of the smear, and time spent on microscopic examination.
Some studies on histopathology of cutaneous leishmaniasis done in other endemic areas of Brazil as well as other Latin American countries, where the predominant agent is L. (Viannia) braziliensis, have shown amastigotes in 17.8-40% of cases. [8] [9] [10] These results are in agreement with our results (44%). It is important to emphasize that all patients in our study are from areas where the only parasite ever identified in cutaneous leishmaniasis has been L. (V.) braziliensis, 11, 12 which makes the sensitivity of our method very good for this species of leishmania.
Previous studies have shown that skin scrapings are also more sensitive than histopathology in diagnosing cutaneous leishmaniasis. 10, [13] [14] [15] The explanation for the difference is probably the same as for Press-Imprint-Smear. Skin scraping has limitations compared with Press-Imprint-Smear. Scrapings are typically done on the borders of ulcerated lesions, but lesions are not always ulcerated, and some lesions are too small to scrape. A scalpel or a curette is required for the procedure. With Press-Imprint-Smear, only a punch is needed, and the procedure is simpler and less expensive. Finally, scrapings are done in ulcerated areas, and there is a theoretical risk of secondary bacterial infection.
Press-Imprint-Smear can be done in less than 1 hour. Histopathology, as a rule, takes several days. All that is needed to perform Press-Imprint-Smear is a punch, staining material, a microscope, and a microscopist. A technician can learn to identify amastigotes with a short training course. Histopathology requires a pathologist and supporting laboratory, which are often available only at referral hospitals.
In addition to cutaneous leishmaniasis, Press-Imprint-Smear has been used to diagnose cutaneous tuberculosis, histoplasmosis, and cryptococcosis with proper stains. In cases of multibacillary leprosy, Press-Imprint-Smear has shown to be more sensitive than earlobe slit smears in identifying Figure 1 . Typical cutaneous leishmaniasis skin lesions after biopsies were done. A shows a 3-mm punch with the tissue fragment still in it. B shows two biopsy sites after skin fragments were removed. Biopsies were taken less than 3-mm from the border of the lesion. Figure 2 . A shows a 3-mm skin biopsy fragment on a glass slide and another glass slide almost covering it. B shows the skin fragment being squashed, and it also illustrates the moment that slight movements are made to improve smear quality. C shows two amastigotes (long arrows) with nuclei (short arrows) and kinetoplasts (arrowheads) near a blood cell in a Press-Imprint-Smear stained with Giemsa under an oil immersion lens (100 + ). D shows a histopathological section stained with hematoxylin/eosin. Two amastigotes are seen with nuclei, and in one of them, the kinetoplast can be visualized (100 Mycobacterium leprae. Press-Imprint-Smear has also been used to evaluate lymph node biopsies in acute Chagas disease and diagnose tuberculosis, disseminated histoplasmosis, and visceral leishmaniasis lymphadenitis. In these situations, the lymph node fragment for the smear should be 2-3 mm in size, and this test has shown to be more sensitive in identifying microorganisms than histopathology (Sousa AQ, unpublished data). Considering its sensitivity, low cost, and simplicity, PressImprint-Smear is a valuable tool for diagnosing cutaneous leishmaniasis and potentially, other infectious diseases at the point of care in rural or resource-limited endemic regions.
